. Mercury L3-edge HR-XANES spectra of metallothionein (MT) and three references relevant to this study: Hg(Cys)2 complex in which Hg(II) is bonded linearly to two cysteines (Cys:Hg = 2.0, pH 7.5), Hg(Cys)4 complex in which Hg(II) is bonded tetrahedrally to four cysteines (Cys:Hg = 10.0, pH 11.9), and nanoparticulate metacinnabar (-HgSNP) in which Hg(II) is bonded to four sulfides (HgS4) and surrounded by Hg(II) atoms. The best two-component fit for the MT spectrum to a large dataset of references (ref.
[4] and refs. therein) was obtained with Hg(Cys)2 and -HgSNP ( Figure 5) . A look at plot (a) confirms that the MT spectrum is intermediate between the two best-fit references. Plot (b) shows that the Hg(Cys)4 reference provides a poor match to the MT spectrum. For example, the absorption signal of MT is close to that of Hg(Cys)2 at 12289 eV and close to that of Hg(Cys)4 at 12295 eV. Clearly, the MT spectrum cannot be reconstructed with a linear combination of a dithiolate and a mononuclear tetrathiolate environment. The XANES for -HgSNP is structured by multiple scattering Hg-Hg paths of the photoelectron (arrows in plot (a)), in contrast to Hg(Cys)4. The two complexes were optimized geometrically (MP2/def2-TZVP-ecp [5] . At circumneutral pH, a Hg[(SR)2+NH2] coordination likely coexists in equilibrium with the low-pH Hg(SR)2 and the highpH Hg(SR+NH2)2 coordinations (see ref. [6] for details). Bond lengths (in angstroms) and bond angles are in black. Atomic charges, in units of elementary charge e and calculated by natural population analysis (NPA [7] ) are in blue. Dark red, Hg; yellow, S; blue, N; red, O; gray, C; light gray, H. The variations of the absorption signal in the main edge of -HgS and -HgSNP come from multiple scattering events along Hg1 → Hg2 … Hgn → Hg1 paths of the photoelectron. Structural disorder and small particle size reduce their amplitude The spectra and the HRTEM image of the -HgSNP crystallites in insert are from ref. [8] . Figure S4 . (a) Mercury L3-edge HR-XANES spectra of two MT isolates, one purified in argonsaturated and the other in air-equilibrated homogenate from mussel tissue. (b) Fit of the HR-XANES spectrum for the air-equilibrated MT. Figure S5 . Atomic charges in units of elementary charge e calculated by natural population analysis (NPA [7] ) for the Hg(CysSerGlyCysLy) model complex. Dark red, Hg; yellow, S; blue, N; red, O; gray, C; light gray, H. + (a) and [Hg2(Cys)3] 4+ (b) dimers (MP2/def2-TZVPecp [5] ) and NPA [7] atomic charges (in blue and in units of elementary charge e). The cysteine group in the HgxSy clusters from Figure 6 was represented by methanethiolate (SCH3 -= SMe) for simplification, as the dissociation energy of the R−SH bond is almost independent of R. We verify in this calculation that the methanethiolate for cysteinyl thiolate substitution does not alter the geometry of the complex nor change the partial atomic charges of Hg and S. Bond lengths (in angstroms) and bond angles are in black. Dark red, Hg; yellow, S; blue, N; red, O; gray, C; light gray, H. . Mercury L3-edge HR-XANES spectra of swordfish skeletal muscle prepared in two different ways: by snap-freezing a fresh hydrated tissue and by freeze-drying and pressing (444 MPa) into a pellet a frozen tissue. The sharp near-edge structure is a fingerprint for the CH3-Hg-SR bond of methylmercury complexed to biological cysteine residues from peptide or protein. [6] The identity of the two spectra, within the noise, means that the Hg(II)-CH3 and the Hg(II)-SR bonds both resisted dehydration under vacuum and moderate pressure. 
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HR-XANES data
ME
MT_Air T_Argon
1.2264270E+4 6.3702252E-4 1.2264270E+4 2.7946050E-3 1.2264270E+4 1.3629147E-3
1.2264460E+4 6.8755500E-4 1.2264460E+4 4.2303219E-3 1.2264460E+4 1. 
